INTRODUCTION
The tumor suppressor gene, TP53, is located on chromosome 17p13 and regulates cell cycle checkpoints, DNA repair, and apoptosis, and plays a key role in carcinogenesis (1) . The TP53 gene comprises 11 exons, of which exons 2-11 encode a transcription factor of 393 amino acids. The TP53 protein contains distinct functional domains: the N-terminus transactivation domain (TAD, amino acids 1-42), the sequencespecific DNA binding domain (DBD, amino acids 102-292), the oligomerization domain (OD, amino acids 323-356), and the C-terminus negative regulatory domain (amino acids 363-393). Somatic mutations in the TP53 gene are frequent in most human cancers, ranging between 5% and 80%, depending on the type, stage, and etiology of the tumors (2) (3) (4) .
TP53 mutational status has been widely studied in lung cancers. It has been reported that TP53 mutations occur in approximately 70% of small cell lung cancers and ≥50% of non-small cell lung cancers (NSCLCs) (2) (3) (4) (5) . However, the frequency of TP53 mutations in lung cancers varies considerably among different populations, ranging 20-60% (6) (7) (8) (9) . Moreover, the frequency and profile of TP53 mutations are different according to the gene region examined. The pioneer studies on TP53 mutations, in which TP53 mutations are localized predominantly in exons 5-8 (10, 11) , led to a bias in TP53 mutation analysis, as ≥80% of TP53 mutation studies focused on exons 5-8 (amino acids 126-306) (12, 13) . However, a meta-analysis of the studies that screened the entire TP53 gene showed that a total of 13.6% of mutations occurred outside exons 5-8, indicating that the entire coding region of TP53 should be analyzed (12) .
Epidemiologic characteristics of lung cancer in Korea are remarkably different form Western countries. In Korea, lung cancer occurs predominantly in male smokers, and the ratio of adenocarcinoma (AC) to squamous cell carcinoma (SCC) is relatively low (1.12), which may be due to a very high smoking rate among males (87.3%) and a low smoking rate among females (20.3%) (14) . In addition, several studies have shown
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that the prevalence of mutations in certain genes, such as epidermal growth factor receptor (EGFR), KRAS, and LKB1 genes, varies depending on the patient's ethnicity (15, 16) . Considering the differences in genetic and environmental factors related to lung cancer, it is possible that the TP53 mutation profile in Korean patients with lung cancer may be different from patients in Western countries. Therefore, we searched for TP53 mutations in Korean patients with NSCLCs and correlated the results with clinicopathologic features. This is the first study of TP53 mutations that examined all coding exons and splice sites in Korean patients with lung cancers.
MATERIALS AND METHODS

Patients and tissue samples
Primary lung tumors and matching non-malignant lung tissues were obtained from 176 NSCLC patients who underwent curative resection at Kyungpook National University Hospital (Daegu, Korea) from January 2003 to July 2007, after obtaining the approval from the Institutional Review Board of the Hospital (Approval No., 74005-263) and the patients' written informed consent. All the patients included in this study were ethnic Koreans. Patients who underwent chemotherapy or radiotherapy prior to surgery were excluded to avoid the effects on DNA. The clinicopathologic characteristics of the patients are summarized in Table 1 DNA extraction and mutational analysis of the TP53 gene Genomic DNA was obtained from primary tumors and matching normal lung tissues by overnight digestion with sodium dodecyl sulfate and proteinase K (Life Technologies, Rockville, MD, USA) followed by standard phenol-chloroform (1:1) extraction and ethanol precipitation. TP53 mutational analysis of the entire coding regions, including exonintron boundaries, was performed by polymerase chain reaction (PCR) and direct sequencing. Intron-based PCR primers were designated based on the GenBank reference sequence (accession no. NT_010718). The PCR reactions were performed in a total volume of 20 mL containing 100 ng of genomic DNA, 0.2 mM of each primer, 0.2 mM dNTPs, 1 unit of Taq polymerase (Takara, Shuzo Co., Otus, Shiga, Japan), and 1×reaction buffer (10 mM Tris-HCl [pH 8.3], 50 mM KCl, and 1.5 mM MgCl2). The PCR cycle conditions consisted of an initial denaturation step at 95℃ for 5 min, followed by 35 cycles at 95℃ for 30 sec; 30 sec at 53℃ to 56℃; 30 sec at 72℃; and a final elongation at 72℃ for 10 min. The primers and conditions for PCR reactions are shown in Table  2 . The PCR products were purified using a GENECLEAN Turbo kit (Q-Biogene, Carlsbad, CA, USA). Sequencing was Forward 5 ′ -GCCCTTCAAAGCATTGGTCAG-3 ′ 54 Reverse 5 ′ -CCTGGTTAGTACGGTGAAGTG-3 ′ Table 2 . Primers and annealing temperatures for PCR and sequencing analysis done using an ABI Prism 3100 Genetic Analyzer (PE Biosystems, Foster City, CA, USA). All sequence variants were confirmed by sequencing the products of independent PCR amplifications in both directions.
Statistical analysis
The association between TP53 mutations and clinicopathological characteristics was analyzed using either a chi-square test or Fisher's exact test. All statistical tests were two-sided, and a P value less than 0.05 was considered to be statistically significant.
RESULTS
Of the 176 NSCLCs, a total of 69 mutations (62 different mutations) were detected in 65 tumors (36.9%). All the mutations found in the primary tumors were absent in DNA from the matched non-malignant lung tissues and blood lymphocytes, indicating that these alterations were somatic events. There were 4 ACs with 2 mutations: 2 had an identical silent (synonymous) mutation (c.960G>A, p.K320K in exon 9) and one missense mutation (c.1000G>T, p.G334W in exon 10; or c.854A>T, p.E285V in exon 8, for each); 1 had a missense and a nonsense mutation (c.469G>T, p.V157F in exon 5; and c.1024C>T, p.R342X in exon 10); and 1 had two missense mutations (c.374C>T, p.T125M in exon 4; and c.1009C>T, p.R337C in exon 10). When compared to the International Agency for Research on Cancer (IARC) mutation database (http://www-p53.iarc.fr), 25 of the 62 mutations were novel mutations for lung cancer: 12 frameshift mutations, 8 missense mutations, 1 nonsense mutation, 3 splice-site mutations, and 1 silent mutation. In addition, 12 of the 25 mutations were novel mutations which have not been reported in any types of cancers. Table 4 ). However, TP53 mutations were not associated with age and pathologic stage of the tumors.
Missense mutations were the most common type (36/69 [52.2%]). However, frameshift, nonsense, and splice-site mutations were also commonly detected at frequencies of 18.8% (13/69), 15.9% (11/69), and 10.1% (7/69), respectively. There was no significant difference in mutation type according to tumor histology. When compared to the IARC mutation database, missense mutations were less frequent, whereas nonsense and frameshift mutations were more frequent (Table 5) . Missense mutations occurred predominantly (31/36 [86.1%]) in the exons coding for the DBD (a part of exon 4, and exons 5-8), whereas frameshift or nonsense mutations were scattered over the entire coding exons of the gene (Fig. 1) .
The TP53 mutation pattern is shown in Fig. 2 [11.6%] ). G:C>T:A transversions were more frequent in eversmokers than in never-smokers (24.2% vs. 14.3%), whereas G:C>A:T transitions at CpG sites were more frequent in never-smokers than in ever-smokers (28.6% vs. 9.7%): however, the differences were not statistically significant. In addition, no significant difference in the mutation pattern according to tumor histology was found.
Of the 69 mutations observed, 3 (4.3%) occurred in the exons coding for the TAD, 46 (66.7%; 2 in exon 4, and 44 in exons 5-8) occurred in the exons coding for the DBD, 9 (13.0%) occurred in the exon 10 coding for the OD, and 11 (15.9%) occurred in splice sites or exons outside 3 major functional domains ( Table 6 ). Two of these, that is, codons 158 and 273, are major mutation hot spots in lung cancer (Fig. 1) . Mutations in codons 334, 342, and 349 were observed only in ACs.
DISCUSSION
We described here for the first time the TP53 mutation profile of Korean patients with NSCLCs. In the present study, we searched for TP53 mutations in entire coding exons including splice sites. In agreement with previous studies (4-7) and the IARC mutation database, TP53 mutations were significantly related to gender, smoking history, and tumor histology. However, we report notable findings in TP53 mutation analysis. First, a total of 36.2% (25/69) of the TP53 mutations occurred outside exons 5-8. Second, although missense mutations were the predominant type, frameshift, nonsense, and splice-site mutations were also frequent and they comprised 44.9% (31/69) of the TP53 mutations observed. Third, the proportion of mutations in the exon coding for the OD were significantly higher in the ACs than in the SCCs. Fourth, in the present study, TP53 mutations were detected in 59.3% of SCCs and in 25.6% of ACs. These frequencies were compatible with those of the previous studies (4-7) and the IARC mutation database. Finally, we report 12 novel mutations which have not been reported in any types of cancers.
Analysis of the studies that screened the entire coding exons of the TP53 gene showed that focusing on exons 5-8 led to an unacceptable bias (12, 13) . The studies that focused on exons 5-8 have reported that most TP53 mutations were point missense mutations and predominantly occurred in the DBD. However, the studies that examined the entire TP53 gene have shown that a total of 13.6% of mutations were located outside exons 5-8, particularly in exons 4, 9, and 10 and that in the exons outside exons 5-8, nonsense and frameshift mutations were more frequent than in exons 5-8 (4, 19, 20) . In the present study, 25 (36.2%) of all the 69 mutations were located outside exons 5-8. In addition, 18 (29.0%) of the 62 mutations detected in coding exons occurred outside exons 5-8 (1 in exon 3, 6 in exon 4, 2 in exon 9, and 9 in exon 10), which was significantly higher than the proportion (13.6%) in a meta-analysis of the studies that screened the entire coding exons of the TP53 gene (12) . Another possible source of bias is related to splice-site mutations. Because splice-site mutations have been thought to be relatively infrequent and their effects have not been wellcharacterized, most previous studies have not analyzed exonintron junctions of the gene. Therefore, in the IARC database, splice-site mutations account for 2.28% and 2.70% of all the mutations reported in SCCs and ACs of the lung, respectively (Table 5 ). However, Varley et al. (21) recently reported that germ-line splice-site mutations in 7 (17.5%) of 40 families with Li-Fraumeni syndrome, and splicing was altered in 6 of the 7 cases with germ-line splice-site mutations. This finding suggests the real-incidence of splice-site mutations in sporadic human cancers is closer to this figure (12) . In agreement with this suggestion, 7 splice-site mutations were observed in the present study, and they comprised 10.1% of all mutations detected. In addition, 2 of the 7 splice-site mutations were novel mutations that have not been reported in any types of human cancer.
In the present study, TP53 mutations were found in 59.3% of SCCs and in 25.6% of ACs, which were compatible with prior studies (4-7) and the IARC database. However, considering that most of the prior studies have only examined exons 5-8, our findings suggest that the frequency of the TP53 mutation might be relatively low in Korean NSCLCs. The difference in the mutation frequency, as well as the difference in the mutation spectrum between patients with NSCLCs from the Korean population and other ethnic populations may be due to environmental and ethnic differences.
The TP53 protein functions as a tetramer and contains TAD that is involved in transcriptional function, DBD, and OD that permits oligomerization of the protein (22) . It has been demonstrated that the OD plays an important role in DNA binding, protein-protein interactions, post-translational modifications, and TP53 degradation (23) . Moreover, mutations in the OD can inactivate wild-type TP53 protein upon a dominant negative effect as mutations in the DBD that result in a dominant negative effect by altering the conformation or by decreasing the affinity for DNA (23) . Several studies have reported that the OD is not often mutated in human cancer, even in the study in which the entire TP53 gene was analyzed (24, 25) , therefore little attention has been given to the OD. However, in the present study, 9 (13.0%) of the 69 mutations detected occurred in the OD, suggesting that mutations in the OD occur relatively frequently in patients with lung cancer.
In conclusion, this study provides clinical and molecular characteristics of TP53 mutations in Korean patients with NSCLCs. This study shows that TP53 mutation profiles are different from those of other ethnic populations. Our results, may therefore contribute to a better understanding of lung tumorigenesis in Koreans.
